Abstract. It is evident that most rubber components in the automotive industry are subjected to repetitive loading. Vigorous research is needed towards improving the safety and reliability of the components. The study is conducted on an automotive rubber jounce bumper with a rubber hardness of 60 IRHD. The test is conducted in displacement controlled environment under compressive load. The existing models by Kim, Harbour, Woo and Li are adopted to predict the fatigue life. The experimental results show strong similarities with the predicted models.
Introduction
Jounce bumper is a part of the McPherson strut assembly in chassis suspension system of light automotive. The component is primarily made of rubber and is an active part of the suspension [1] . Fig. 1 shows a typical jounce bumper use in light vehicles. Fatemi et al. [2] explained in his study that the crack nucleation method considers a material that has a natural life determined by the history of stresses or strains at a point. This method is convenient because it is formulated in terms of stresses and strains and is commonly used by designers.
The use of criterion to determine failure is essential in the experimental determination of fatigue life of a component. Stiffness base approach is defined as the failure of a specimen at the point where the axial load amplitude reaches 85-80% of the respective amplitude for a specified reference [3] [4] [5] .
Another important fact to take into consideration during the fatigue test is the presence of Mullin's effect. Mullin Effects can be described as an initial softening that occurs at the start of the fatigue test [6] . It causes the jounce bumper to undergo an initial transient softening phase. To eliminate the Mullin's effect in this study, the jounce bumper was cycled 30 times before calculating the fatigue life.
A range of fatigue models have been developed by researchers to predict the fatigue life of rubber [3] [4] [5] [7] [8] [9] . Fatigue models which are influenced by the use of strain include models by Harbour (Eq. 1), Kim (Eq. 2), Li (Eq. 3), and Woo (Eq. 4). The strain base models shown below are compared with the experimental results to determine how precise the fatigue models are in predicting the fatigue life of jounce bumpers.
where ε is the strain and N f is the fatigue life cycles.
Jig Design
The jig is made out of mild steel as shown in Fig. 2 . The jig is design to accommodate the loading condition where it allows the air to flow out while the jounce bumper is compressed. The jig also mimics the piston rod where it keeps the jounce bumper in line and prevents slips. 
Fatigue test results
The fatigue tests are conducted using various displacements. Table 1 show the fatigue life obtain in terms of number of cycles to failure. The frequency is set at 2 Hz to eliminate the heat build-up which affects the fatigue life of the jounce bumper by further reducing it. Table 1 , a strain versus fatigue life graph (ε-N) is plotted to view the significant difference of fatigue life at high strains compared to lower strains. Fig. 3 shows the strain versus fatigue life graph. The points in the graph can be categorized into three zones. Zone one has strains between 0.88-1.14. This zone is considered dangerous as the fatigue life is very low. Zone two has strains between 0.53-0.79. If the jounce bumper undergoes these strains, it will have a much longer fatigue life. However a regular replacement is necessary since it would not last for more than a 100000 cycles. Zone three is strains below 0.43. This strain values yields fatigue life ranging from 675000 and goes above one million cycles. In fact the lowest strain in this study, 5 mm displacement did not fail even after 1.5 million cycles. Fig. 4 shows the response of the jounce bumper towards the different forces acted upon it. Low displacement projects a normal curve on the graph however curves formed at higher displacements changes in shape and this phenomenon represents the viscoelasticity of the rubber jounce bumper. 
Comparison between Experimental fatigue life and Model fatigue life
Comparing the experimental fatigue life to the fatigue models can help verify how accurate the fatigue model is and determine whether the model can be applied to all elastomeric materials. In this study four fatigue models based on strain parameter are compared with the experimental results. 5 shows that the fatigue models have similar fatigue life at lower strains. However at higher strains, the experimental fatigue life drops dramatically. This is due to the formation of cracks in the jounce bumper. Severe cracks in on the jounce bumper as shown in Fig. 6 causes the fatigue life to be reduce tremendously. Furthermore fatigue models are design primarly based on dogbone specimen testing. Substituting components with complicated designed will not predict the right fatigue life due to its design complexicity. Comparing the four models, Harbour's model is the closes to mimicking the fatigue life of the jounce bumper.
Conclusion
The fatigue life of jounce bumper is successfully determined from the experiment conducted. Higher displacement causes the jounce bumper to fail extremely fast. However displacement below 15 mm is considered save as the number of cycles exceeds 500,000. The fatigue life via modelling is similar at lower strains compared to larger strains.
